In addition to PAS studies, several other experiments have been performed to 99 study intra-and interhemispheric sensorimotor function in healthy volunteers. 100
For example, in a study performed by Hlushchuk and Hari, tactile stimulation 101 over one hand, apart from activating the contralateral primary somatosensory 102 cortex (S1), deactivated the ipsilateral S1 regardless of hemispheric 103
dominance (Hlushchuk and Hari 2006). In similar imaging experiments 104
performing unilateral hand stimulation, a "contralateral sensorimotor activation 105 -ipsilateral sensorimotor deactivation" has been consistently reported ( activation of S1 leads to deactivation in the opposite S1 that, additionally, 112 matched the S1-S1 transcallosal conduction time found in prior experiments 113 (Allison et al. 1989) . 114
Hence, the aim of the present study was to investigate the influence of 115 interhemispheric information processing on PAS-induced LTP-like and LTD-116 like plastic changes, taking into account the "contralateral activation / 117 ipsilateral deactivation" pattern that takes place between sensorimotor 118 cortices after unilateral afferent stimulation at the wrist. Here we introduce a 119 novel PAS paradigm where in contrast to the standard PAS protocol (Chen et Eleven right-handed healthy subjects (mean age: 24.90 ± 4.07 years old, 5 165 female) participated in the study. Prior to participation, all subjects underwent 166 a comprehensive neurological examination. Handedness was assessed by 167 the Edinburgh inventory scale (Oldfield 1971). Subjects were neither TMS nor 168 PAS naive and were selected according to effective facilitatory response to a 169 standard PAS protocol (PAS 25 ) in a prior experiment (Conde et al. 2012) . 170
Each subject fulfilled the inclusion criteria in agreement with the safety 171 guidelines approved by TMS consensus (Rossi et al. 2009 ) and gave written 172 informed consent to participate in the experiment according to the declaration 173 of Helsinki. The study was approved by the local ethics committee of Leipzig. 174
None of the subjects were using drugs acting in the central nervous system by 175 the time of the study. Levels of attention, fatigue and discomfort were 176 assessed for each subject before (pre) and after (post) each intervention in 177 order to account for differences in internal individual factors between 178 experiments. Since we used a cross-sectional experimental design, all 179 participants were supposed to participate in all experiments. However, the 180 reduced number of participants in some of the applied protocols (10 out of 11 181 in ipsiPAS 35 Subjects were seated in a comfortable chair in which the height was 200 individually adjusted to place each subject feet and arms in the most relaxed 201 way. In order to ensure optimal hand and elbow relaxation while seating, a 202 pillow was placed underneath each subject's arm. The APB hotspot was 203 for each subject in a given session was then used as reference hotspot for the 212 following session and adjusted (if needed) to account for potential differences 213 in landmark settings. The resting motor threshold (RMT) over the APB 214 hotspot, defined as the minimum magnetic stimulator output intensity that can 215 elicit a MEP of at least 50 µV in 5 out of 10 trials (Rossini et al. 1999) , was 216 measured along with 10 motor evoked potentials (MEPs) of approximately 0.5 217 to 1 mV peak-to-peak as cortical excitability baseline (pre) in APB. 218
219

Paired associative stimulation protocols 220
Each PAS protocol consisted of 120 peripheral stimuli applied over the 221 median nerve (right or left wrist) followed by single-pulse TMS over the left 222 APB hotspot at a frequency of 0.20 Hz for a total duration of 10 minutes. An 223 electrical stimulator (Digitimer DS7, Digitimer Ltd., Welwyn Garden City, 224
Hertfordshire, UK) was used for median nerve stimulation (MNS, cathode 225 proximal). The electrical stimulus (ES) had a of 200 μs duration and a 226 maximum voltage of 400 V. The stimulation intensity was adjusted in each 227 subject to elicit a slight thumb abduction of approximately 1 mV peak-to-peak, 228 which was near three times the perceptual threshold (Quartarone et al. 2009 The effects of each PAS intervention on corticospinal excitability within left M1 256 were studied using 1 mV MEP and RMT recordings at two different time 257 points: immediately after (0-5 min; post1) and 15-20 minutes (post2) after 258 intervention and were compared to baseline (pre). During each PAS 259 intervention, subjects were asked to focus attention on the stimulated hand 260 while counting the number of electrical stimuli applied to the median nerve 261 (Stefan et al. 2004 ). In order to ensure attention maintenance, we asked the 262 subjects in three random time points about the amount of stimuli received 263 along the intervention. 264
265
Control PAS protocols 266
Five additional control PAS interventions were performed in order to 267 disentangle the time window of effectiveness of LTP-and LTD-like PAS and 268 ipsiPAS after-effects: PAS 45 , ipsiPAS 25 , ipsiPAS 35 , ipsiPAS 60 and ipsiPAS 75 . 269
In the case of PAS 45 , the MNS was applied to the right hand 45 ms before 270 TMS was applied over left M1 (arrival asynchrony of around +20 ms). In 
Short-interval intracortical inhibition (SICI) intracortical facilitation (ICF) 326
SICI and ICF were carried out according to the double-pulse paradigm first 327 described by Kujirai et al. (Kujirai et al. 1993 ). We used a subthreshold 328 conditioning magnetic stimulus (CS) set at 80% of RMT intensity, which was 329 applied over APB motor hotspot 2 (SICI) and 10 ms (ICF) prior to the TS. 
Online effects of MNS on ipsilateral M1 (ipsilateral SAI) 347
To directly investigate the online effects that the afferent stimulation has over 348 the ipsilateral M1 MEP response, we designed a short-latency afferent 349 order to account for potential interindividual differences in N20, S1-S1 IHI and 359 S1-M1 interaction latencies, which are important for online measures such as 360 SAI but do not play a relevant role in plasticity-inducing protocols (Stefan et al. 361
2000). Since synchronicity of inputs (MNS and TMS) within the ipsilateral M1 362
can occur at ISIs as low as around 40 ms and as high as around 50 ms 363 (latency for the MNS to excite contralateral S1 (around 20 ms), latency for the 364 S1-S1 interhemispheric inhibition (between 20 and 25 ms) and latency for S1-365 M1 cortico-cortical interaction (between 2 and 5 ms)), all 42, 45 and 47 ms 366 were considered near-synchronous ISIs. The TMS intensity for the TS was set 367 to induce a MEP of the right APB muscle of around 0.5 -1.0 mV amplitude 368 when given alone. A total number of 50 paired CS-TS pulses (10 CS-TS pairs 369 per ISI) and 10 TS alone were randomly applied at a frequency of 0.25 Hz. 370 371
Statistical analysis 372
Data analysis was performed using PASW for Windows version 18. Normal 373 distribution of the data was assessed by Shapiro-Wilk tests (p > 0.05 374 indicating normal distribution of the data). When data was normally 375 distributed, parametric tests (repeated measures ANOVAs and paired-376 samples t-tests) were used. When normal distribution of the data was not met, 377 non-parametric tests (Spearman's correlation) were used. An overall 378 RM ANOVA factor TIME x INTERVENTION (α = 0.05) was performed in order 379 to explore general differences between interventions both for the target 380 Subsequently, pairwise comparisons between time points (pre vs. post1 and 386 pre vs. post2) using paired-samples t-tests were performed and Bonferroni 387 corrected for multiple comparisons (since we performed two comparisons, a 388 p-value of p < 0.025 was considered statistically significant) (Bender and 389
Lange 2001). 390
A RMANOVA with factor TIME (pre, post1 and post2) and PROTOCOL (PAS 25 , 391 ipsiPAS 45 ) was performed to identify potential differences between each target 392 protocols at all time points tested. Changes in RMT, maximum stimulator 393 output (MSO) to elicit 1 mV peak-to-peak MEPs and MNS intensities within 394 and between each intervention were analysed with paired-samples t-tests and 395
univariate ANOVAs with factor PROTOCOL. Additionally, we performed 396 correlations between baseline levels of GABA A and GABA B -mediated 397 inhibition as well as glutamate-mediated facilitation (% of inhibition or 398 facilitation) and ipsiPAS 45 MEP changes on the same day (normalized to 399 baseline; post1 and post2). The ipsi-SAI was analysed with normalized-to-test 400 data (% of MEP change of each CS-TS condition with respect to the TS) 401 using one-sample t-tests (test value set to 100; a Bonferroni corrected p < 402 0.0167 value was considered significant). Finally, we compared levels of 403 attention (A), fatigue (F) and discomfort (D) before and after each PAS 404 session separately using paired-samples t-tests (pre vs post; Bonferroni 405 corrected p < 0.0167), and between interventions using a univariate ANOVA. that outlasted the intervention by at least 15 min (see Fig. 2A and Table 3) . 
Online effects of ipsi-SAI 551
The normalized-to-test data (% of MEP change with respect to the TS) was 552 normally distributed (Shapiro-Wilk p > 0.05 in all CS-TS conditions). 553
Significant MEP changes were found at 47 (p = 0.002) ms ISI only, while no 554 significant changes were observed at 42 and 45 ms ISIs (p = 0.405 and p = 555 0.300, respectively). More specifically, there was a significant inhibitory effect 556 of the CS over the TS at the ISI of 47 ms (22.58 ± 21.04 % MEP change). It is 557 noteworthy to point out that there was a rather high intersubject variability 558 considering the ISIs that resulted in MEP inhibition at an individual level 559 (number of participants that showed at least 5 % of MEP inhibition out of the 560 total number of participants; 42 ms: 5 out of 13; 45 ms: 6 out of 13; 47 ms: 10 561 out of 13), with some participants showing no online effect or even facilitation 562 at some of these intervals. Finally, the intensity to evoke a MEP response of 
Near-synchronous interventions 641
Since we apply MNS above the motor threshold, we assume that there is an 642 activation of the contralateral SM1 that is accompanied by a down-regulation 643 The rationale for using a 45 ms ISI for ipsiPAS 45 interaction between BA 3b and BA 2 before (activated S1) and after 688 (deactivated S1, probably via inhibitory influence of BA 2 over BA 3b) S1-S1 689 transcallosal communication could thus account for the longer timing interval 690 in comparison to M1-M1 communication. Therefore, in order to induce LTD-691 like plasticity directly through M1 cortices in a near-synchronous fashion, an 692 ISI ranging between 32 to 35 ms would be necessary to result in the observed 693 after-effects seen for ipsiPAS 45 (25 ms for peripheral stimulus to reach 694 contralateral M1, 7 -10 ms to reach ipsilateral M1, see Fig. 2C ). The 695 application of an ipsiPAS 35 protocol, however, did not result in any significant 696 change in corticospinal excitability after intervention most probably due to 697 insufficient intensity of the MNS to induce transcallosal inhibition between M1 698 cortices because IHI between M1 cortices has only been shown with 699 bihemispheric supra-threshold TMS paradigms (Ferbert et al. 1992b) . 700
701
As a further control, we applied an ipsiPAS 25 
Asynchronous interventions 726
In an asynchronous target intervention (ipsiPAS 60 ; MNS before TMS) we 727 observed, in contrast to the standard asynchronous PAS 10 intervention, an 728 increase in the MEP amplitude immediately after the intervention that however 729 did not reach significance. The reason for this effect is, however, less clear 730 than that of the LTD-like effect seen after ipsiPAS 45 , as it is not directly 731 reversed with respect to the standard TDP time-window seen for conventional 732 PAS interventions, but both reversed and shifted (see Fig. 4 ). This differential 733 effect could be related to the order of stimuli (TMS before MNS in PAS 10 , 734
MNS before TMS in ipsiPAS 60 ). 735
Finally, we did not observe any significant corticospinal excitability changes 736 within left-contralateral M1 after the PAS 45 intervention to be the near-synchronous one. For this to be true, we would 845 need to consider a S1-M1 interaction taking place with a 20 ms latency. This 846 seems implausible, though, as it constitutes a timing that lays way beyond the 847 reported S1-M1 interaction latency seen contralateral to an active hand and 848 there is no indication at present that the latency of S1-M1 cortico-cortical 849 interaction after interhemispheric transfer of information is substantially longer 850 as compared to S1-M1 interactions without prior interhemispheric 851 communication. Furthermore, the S1-M1 ipsilateral interaction could 852 potentially be even faster than in the homologous contralateral areas since 853 area 2 of S1 presumably mediates S1-S1 interhemispheric inhibition and 854 over an activated area (for review see (Chen et al. 2008) ). In the present 861 study, however, we were able to induce plastic changes within a presumably 862 down-regulated cortical area (M1) as a result of interhemispheric inhibition 863 between homologous brain areas (S1-S1). With respect to ipsiPAS 45, after-864 effects were reversed as compared to standard PAS protocols, indicating that 865 STDP-like mechanisms at the systems level in humans might be more 866 complex than previously thought and might depend in broader facilitatory and 867 
